ment of oxygen uptake and carbon dioxide production in air, carbon dioxide production in nitrogen, oxygen uptake in the presence of cyanide, and the effect of added substrates on oxygen uptake and carbon dioxide production. By these methods, the destruction or inactivation of the respiratory mechanism in scalded apple tissue can be localized to an enzyme svstem.
Two possible explanations for the reduction in respiration by scald are: (1) The metabolism of all the cells of the skin tissue has been reduced or (2) a portion of the cells are no longer functional and do not contribute to the respiration of the tissue. The values obtained indicate that scald affected all the systems similarly, as there was no evidence that any particular system was inactivated in scalded tissue. Rather there was a general reduction in all respiratory pathways. From the evidence presented, it is likely that a portion of the cells are no longer functional and are probably dead.
There is a relation between the severity-of scald and the reduction of skin respiration. The oxygen uptake values for incipient and severely scalded tissue suggest a progressive reduction in skin respiration as scald develops.
The volatiles of the apples in a storage atmosphere hadl no effect on the oxygen uptake of the skin of earlv maturity Red Delicious apples. Thompson and Huelin (4) found that the ester production of early-picked fruit, most susceptible to scald, was lower than that of late-picked fruit. They also mentioned that experiments with synthetic esters did not provide evidence that the volatile esters were directly concerned with scald. Gerhardt, Sainsbury, and Siegelman (1) and other workers showed that scald cannot be controlled by lowering the volatile content of the storage room air with activated or brominated carbon. The generally accepted role of volatiles as the cause of scald has still not been conclusively proved.
Boiled apple juice and sodium pyruvate markedly stimulated CO2 production. The boiled apple juice had no effect on 02 uptake and the pyruvate caused a slight reduction. These results were very similar for normal and scalded skin tissue. The role of organic acids in the metabolism of the skin tissue is largely unknown.
SUMMARY
The respiration of normal and scalded apple skin was compared. The volatiles in the atmosphere of a commercial apple storage had no effect on the oxygen uptake of the skin tissue. Severely scalded skin had a reduced oxygen consumption and carbon dioxide production in air and in nitrogen (anaerobic conditions). The percent reduction of oxygen consumption and carbon dioxide production of the scalded tissue was similar in the absence of added substrate and in the presence of boiled apple juice and pyruvate. Carbon dioxide production of the skin tissue was considerably increased in the presence of boiled apple juice and pyruvate. Oxygen consumption was not affected by boiled apple juice but was reduced slightly by pyruvate. The percentage inhibition of oxygen consumption by cyanide was the same for normal and scalded skin tissue. The nature of the reduction in respiration by scald was of a quantitative rather than a qualitative nature indicating that a portion of the cells are no longer functional and are presumably dead. For making a specific test of protochlorophyll production the cotyledons were pinched off at their base, in total darkness. Later in the season it was possible to obtain only white seedlings, by planting freshly harvested seeds in which the green sibs were still dormant.
One to 6 pairs of cotyledons constituted a sample. The cotyledons pinched off at their base were dropped into tared weighing bottles containing acetone. Immediate weighing, extraction, and spectrophotometric analysis of the chlorophylls was conducted according to the method of Koski (3).
QUANTITATIVE RESULTS AND CONCLUSIONS
In the present section quantitative determinations of the chlorophyll concentrations for various conditions are given. In table II, the first of these, A second test on the destruction of chlorophyll pigments by light was run in the culture rooms at a temperature of 20 to 210 C in Mazda light of 250 fc. In this series the times ranged from 15 minutes to 16 hours. Protochlorophyll shows a consistent drop throughout the period of exposure, as does also chlorophyll b. Chlorophyll a, on the other hand, shows a marked increase from 61 mg, at the beginning, to 88 mg per kg at the end of 2 hours. This earlier drop in concentration of protochlorophyll and chlorophyll b as contrasted to chlorophyll a seems to be characteristic, for it has been found also in a number of cases not given here. Even after 16 hours, again, more than one-third of the original pigment remained, primarily owing to chlorophyll a and its lesser rate of deterioration. These data would indicate that possibly protochlorophyll is most susceptible to destruction and, if it is a precursor for chlorophylls a and b, would result in their eventual disappearance.
Dark-grown mutant seedlings when exposed for short periods of time to strong light lose their capacity for production of chlorophyll even on subsequent exposure which would otherwise give maximum coloration. In preliminary tests on a series of darkgrown seedlings exposed from 0.5 to 60 minutes to 2000 fc from a Mazda bulb no pigment subsequently appeared in the longer exposures. The plants in the shorter exposures turned green, and showed appreciable amounts of chlorophyll a and b. The 0.5 min- ute plants contained protochlorophyll but none of this pigment was found in the longer exposures. It would seem from these and other data of like nature that either the precursors of protochlorophyll or the mechanism for producing protochlorophyll had been destroyed. Further extensive tests on this specific problem are contemplated, as is also, the quantitative transformation of the protochlorophyll into a and b. Table VI shows the comparative amount of chlorophyll pigments in the cotyledons of the white mutant and green sib. These data on the white mutant are taken from tables III, IV, and V, and show the quantity of chlorophyll developed after 48 hours in a light intensity of 0.5 fc. The percent of protochlorophyll, chlorophyll a and chlorophyll b agree quite closely in these tests, and when added give percentages of 5.2, 77.4 and 17.2, respectively. The green sib grown under these same conditions gave 7, 76, and 16 percent, respectively. This close agreement particularly for chlorophylls a and b in the mutant and the sib indicates that there is little or no genetic difference between them with respect to ratios. Reexamination of table III shows that these ratios in the white mutant hold throughout an exposure period of 2 to 120 hours. When, however, the total pigment contents are compared, it is obvious that the white mutant has only about one-half the pigment concentration of the green sib. Here would seem to be a definite hereditary difference. On all tests that we have run the white mutant seedlings have from one-half to two-thirds the pigment content of the normal green seedling. Table VII shows the protochlorophyll production in total darkness. The first test tabulated here was difficult to make. The plants were grown, collected and killed in total darkness, as already mentioned above. Mere chance dictated the number of white mutants, and seven collections using 60 tared weighing bottles were necessary before the 12 mutant seedlings were obtained. In the other two tests, however, seeds freshly harvested, and hence with their sibs dormant, were used, so that the collection was simple. The data in this table show that the age of the seedling determines to a great extent the amount of the protochlorophyll present, and variation in this Koski et al (4) on leaves of a mutant strain of corn. However, apparently no test was made to determine the optimum light intensity for chlorophyll production, and the light intensity of 150 fc which was used is three hundred fold that which gives optimum pigmentation in our studies. Although the initial protochlorophyll contents are 8.5 and 3.15 mg/kg for sunflower and corn, respectively, the maximum total pigment accumulation which Koski et al report is about onefiftieth of our values. The absence of chlorophyll b in their tests might be associated with light intensity and exposure time. Reference to table III shows that a 15 minute exposure to 0.5 fc was sufficient to produce chlorophyll a, but no chlorophyll b was observed, while a 30 min exposure showed the presence of both.
The white mutant sunflower seems to offer several advantages over the white mutant corn for chlorophyll and other studies. Unlimited quantities of seed can be obtained by field planting. Pigment concentrations many-fold that of the mutant corn can be produced in very low light intensities. In addition, the plants can be grafted and grown to maturity. The total absence of carotenoids, to be presented fully in a later paper, should enable tests on the possible function of carotenoids in photosynthesis. The dormancy phenomenon, utilized above, can be prolonged. A paper presenting this information is in preparation. The yellow mutant strain, mentioned in the introduction, which does contain carotenoids, presents a parallel series in these tests on photosynthesis. Seeds for growing experimental stock will be sent free to those desiring them. (One large head will produce 1500-2000 seeds.) It has been shown that long dark periods are essential for floral induction of short day plants (6) and are prohibitory of induction of long day plants (4) . Therefore, some reaction or reactions which occur in the absence of light are specifically involved in photoperiodic induction. The observation that biotin and pantothenic acid contents of leaves were altered by photoperiodic induction (8) suggested the possibility that the dark fixation of CO2 might be related to photoperiodic phenomena in plants.
SUMMARY
The present paper represents a study of the possible relationships existing between the dark fixation of C02 and photo-induction in some long and short day plants.
MATERIALS AND METHODS The plants used in these studies include one long day species, Wintex barley, and two short day species, Biloxi soybean and cocklebur (Xanthium commune Britton). These plants were grown in the greenhouse under non-inductive daylengths until each experiment was conducted. Long and short days consisted of daylengths of 18 and 9 hour durations respectively.
For experiments concerning C02-free atmospheres, potted plants were placed in 20-liter large mouth bottles which were sealed at the start of each dark period. Carbon dioxide-free conditions were made possible by the use of a circulating air pump which continuously circulated the atmosphere surrounding the plants through solutions of sodium hydroxide. Barium hydroxide turbidity tests showed that all detachable C02 had been removed after a period of five minutes. Such treatment not only essentially removed the existing CO2 in the air but also lowered the partial pressure to such an extent that respiratory CO2 was presumed to be rapidly removed. Circulation through a water solution was utilized for the control treatment. The air circulation was started 30 minutes before commencement of each dark period. While such conditions may have led to a certain amount of photo-oxidation in the foliage in the light, its effects did not alter the photoperiodic response of the barley plants (table I) , a fact which suggests that the photoperiodic function was not seriously altered by such photo-oxidations. At the end of each dark period the plants were removed from the bottles and placed under natural 
